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General a n d  P h y s i c a l  Chemistry.  

A Vacuum Spectrograph for High Frequency Spectra and 
a Preliminary lnvestigation of the Rare Esrtha. MANNE 
SIEGBAHN and EINAR FRIMAN (Physiknl. Zeitsch., 1916, 17, 
176-178).-The vacuum spectrograph described has been used in 
the examination of the high frequency spectra of the rare-earth 
elements, the finely powdered salts of which were rubbed on to  the 
roughened surface of a copper disc serving as anticathode. The 
wavelength measurements of the al and a2 lines are recordeld for 
the series beginning with praseodymium (atomic number 59) and 
ending with tantalum (atomic number 73). I n  this series there 
is a gap between neodymium (60) and samarium (62). The sequence 
of the rarekeasth elelments, indicated by the high frequency spectral 
measurements, is in complete agreement with that which is generally 
accepted o'n the basis of atomic weight determinations. H. M. D. 

Spectrochemical Notices. K. VON AUWERS (Bey . ,  1916, 49, 
827--834).-I. For making a series of readings, and especially for 
coiitrolling measurements with the hydrogen lines, the author 
strongly recommends the use of the D, line of the helium spectrum 
instead of the sodium line. H e  has had a clamp made to hold a 
hydrogen and a helium tube so that  the light from either can be 
used a t  will, and formulz for converting indices obtained with the 
D, line into the sodium line indices have been calculated. 

11. The measurement of refraction and dispersion is discussed, 
and some cases of exalted molecular dispersion are reviewed. It is 
shown that  the values of E Z ,  and EZ,, are sufficient as a measure 
of the exaltation of the refractivity and E ~ s  -32, and Es,,- 
EX, as a measure of the exaltation of dispersion. 

111. Harries (A., 1915, i, 966) attempted t'o obtain evidence 
as t o  the constitution of piperylene by examining its ozonide, but 
without success. H e  quoted optical constants, however, which are 
now shown to indicate co'nclusively the formula 

which Thiele proposed. 
pure. J. C. W. 

CHM.e:CH*CH:CH2, 
Harries's specimen must have been fairly 

The Breadth of Spectral Lines. WILLEM CORNELIS MANDERSLOOT 
(Jahrb. Radioaktiv. Elektronik, 1916, 13, 1-55).-A theoretical 
paper in which the author discuses the factors which have an influ- 
ence on the breladth of spectral lines, such as the Doppler effect, the 
damping due to radiation, and the, effect of the rotation of the 
molecules. 

The chief conclusions arrived a t  are that the ultxa-red absorption 
spectra of gas= are due t o  vibrations of charged atoms, and that 
the form of the absorption curve is largely influenced by molecular 
rotation. Whereas diatomic compound gases exhibit a double 
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absorption band, this is not shown by the elenleiits which form 
diatomic molecules in the gaseous state. It follows from this that, 
the component atoms of the molecules of the elements are not elec- 
trically charged. H. M. D. 

The High Frequency Spectra of the Elements Arsenio- 
Rhodium. MANNE SIEGBAHN and EINAR F R I M A N  (Ann. Physzk, 
1916, [iv], 49, 611-615. Compare this vol., ii, 16'7, 205).- 
Wave-length measurements of the1 lines al? %, PI, and & ( K  series) 
in  the spectra of arsenic, selenium, bromine, rubidium, strontium, 
columbium, and rhodium are recorded. For each series of lines the 
square soot of the frequency is a linear function of the atomic 
number as required by Moseley's formula. The wave-lengths of the 
czsiuin lines have also been measured. H. M. D. 

The High Frequency Spectra (L-Series) of the Elements 
Tantalum to  Bismuth. MANNE SIEGBAHN and EINAR FRIMAN 
(Ann. Physik, 1916, [iv], 49, 616-624. Compare preceding 
abstract) .--Previous measurements of the wave-lengths of lines in 
the spectra of these elements have been exbended, with the result 
that  the existence of a t  least eleven different groups of lines has 
been established. The wave-lengths of these are recorded, and i t  is 
shown that  the Moseley relation between the frequency and the 
atomic number of the element holds for each group of lines. 

H. M. D. 

The Emission Spectrum of Diatomic Compound Gases in 
the Remote Ultra-red. IV. MANDERSLOOT (Ann. Physzk, 1916, [iv], 
49, 725--730).-A theoretical paper, in which it is shown that  
translational movement of diatolmic compound molecules has no 
influence on the emission spectrum, which is due to the rotation of 
thel molecules. A formula is derived, from which the1 position 
of the maximum on the distribution curve may be calculated, and a 
relation connecting the near and the remote regions of the! infra-red 
emission spectrum is also given. 

The elemeatary gases show no absorption in the infra-red, and 
from this i t  is inferred that  the molecules of these gases are not 
electrically bipolar. H. M. D. 

The Infra-red and Ultra-violet Absorption of Sulphur Di- 
oxide and their Relation to the Infra-red Spectra of Oxygen 
and Hydrogen Sulphide. C. SCOTT GARRETT (Phil. Mag., 1916, 
[vi], 31, 505--511).-The wave-lengths of the centres of the bands 
in the ultra-violet absorption spectrum of sulphur dioxide have 
been determined, the absorption being measured photographically 
with the aid of a quartz spectrograph and a Hilger rotating sector 
photometer . 

The region of absorption is divisible into three parts, charac- 
terised by constant differences between the wave-numbers of 
successive band-centres. Between h 3182 and h 2802 this difference 
is 22.4 for  twenty successive bands; between h 2324 and h 2107 the 
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constant difference is 34.4 for fourteen bands, and in the inter- 
mediate region there are twenty-one bands with a difference of 12 
in the successive wave-numbers. 

The analysis of the experimental data in relation t o  Baly’s 
theory (compara A., 1914, ii, 318; 1915, ii, 77, 714) of the con- 
nexion between ultra-violet and infra-red absorption has shown 
that the wave-number differences can be expressed in terms of 
four basis constants, 0.2, 2.8, 4, and 4.3. According t o  Coblentz’s 
data, the wavenumbers of the infra-red absorption bands can be 
expressed as multiples of 9.632, which is the product of all four 
basis constants. Since the basis constants are characteristic of 
the sulphur and oxygen atoms in the compound, it was to be 
expected that these constants would be applicable to the absorp- 
tion spectra of oxygen and hydrogen sulphide. Coblentz’s data for 
these gases show, indeed, that  the wave-numbers of the bands in 
the infra-red spectrum of hydrogen sulphide are multiples of 4.3, 
which constant is therefore characteristic of the sulphur atom, and 
that the wave-numbers of the bands in the infra-red spectrum of 
oxygen can be expressed in terms of t,he product of 2.8 Hnd 4. 

H. M. D. 

The Ultra-violet Absorption System of Sulphur Dioxide. 
E. C. C. BALY and C. S. GARRETT (Phil. Mag., 1916, [vi], 
3 1, 512-520. Compare preceding abstract).-Accurate measure- 
ments of the wavelengths of the component lines of the bands in 
the ultra-violet absorption spectrum of sulphur dioxide by Miss 
Lowater (Astrophys. J. ,  1910, 31, 311) have made it possible t o  
deduce more accurate values for the wave-number constants, and 
to subject the theory of the relation between infra-red and ultra- 
violet absorption to a more rigid test than has been possible for 
the compounds which have been previously examined. 

I n  the previous paper the wave-length of the centre of the less 
refrangible ultra-violet band was found to be h 2961, correspond- 
ing with the wave-number 33780, but the more accurate data give 
33751.6 as the central wavenumber. From this are derived the 
three basis constants 2.73, 4-32, and 8.177, which yield by multi- 
plication in pairs 2.73 x 8-177 = 22.3225, which is the constant 
difference of the wave-numbers for the less refrangible ultra-violet 
band, 4-32 x 8.177 =35*324 the constant difference for the more 
refrangible band, and 2-73 x 4.32 = 11.794 the difference charac- 
teristic of the region between the two bands. 

According to Baly’s theory, the wavenumbers of the centres of 
the sub-groups in the less refrangible ultra-violet band are con- 
sequently given by 33751.6kn x 223-225, where n=0, 1, 2, 3, . . . 
The fundamental infra-red band with the wave-number 223.225 
is, according to Bjerrum, of complex structure and consists of a 
group of lines, the wavenumbers of which are given by 
223.225 +v,, where vr depends on the basis constants 2.73 and 8.177. 
Since 8.177 = 3 x 2-73 almost exactly, the structure of the funda- 
mental band is given by 223-225knx2.73, where n = O ,  1, 2, 
3, . . . Taking into account the number of lines on opposite sides 
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of the central line and the number of sub-groups on each side of 
the central sub-group, it is found that the whole system of lines 
in the less refrangible ult,ra-violet band may be expressed by the 
formula 33751.6 + p x 223.225 +- n x 2-73, where p =  - 7, - 6 . . ., 
0 . . ., +12, +13, and r ~ = - 4 4 ,  -43 . . ., 0 . . ., +36; +37. 
The entire group of bands consists therefore of 21 sub-groups, 
each containing 82 absorption lines. This corresponds with the 
existence of 82 series, each containing 21 lines, with a constant 
difference between the wavsnumbers equal t o  223.225. 

The wavenumbers of these lines have been calculated and com- 
pared with the observed values, the agreement being exceedingly 
good. The comparison is considered to afford further support f o r  
the theory that, the infra-red and ultra-violet absorption spectra 
are related in a simple quantitative manner. H. M. D. 

Relationship between t h e  Physical Properties of Solutions. 
V. Ultra-violet Uispersion of Salts in Water .  ADOLF 
HEYDWEILLER and OTTO GRUBE (Ann. Physik, 1916, [iv], 49, 
653-670. Compare A., 1913, ii, 645).-Measurements have been 
made of the refractive index of aqueous solutions of lithium 
sulphate, chlorate, acetate, thiocyanate, manganese chloride, nickel 
chloride, and lead acetate for ultra-violet light of different wave- 
lengths. The selection of lithium salts for this investigation is 
due t o  the fact that  these salts are relatively transparent towards 
ultra-violet light, whilst the lithium ion has but little influence 
on the measured refraction and dispersion. 

The tables show the values of (n - no) and A, = 100(n - q!o) /mno, 
where n and no are the refractive indices for the salt solution and 
water respectively, and m is the equivalent concentration of the 
solution. The data are found t o  be in satisfactory agreement with 
the equation A,=B,+(A,,-B,)i, in which i is the degree of 
ionisation of the salt and A ,  and B, are constants. 

I n  a theoretical discussion of the results it is shown that the 
ultra-violet dispersion can be interpreted in terms of Drude’s 
equation. This equation is made use of in calculating the fre- 
quency of vibration of the valency electrons of ths  sulphate, 
chlorate, chloride, acetate, and thiocyanate ions. The frequency 
in question is almost independent of the nature of the cation with 
which the anions are associated, although cations of the heavy 
metals exert a measurable influence. H. M. D. 

The Colour of Polyhydroxyanthraquinone Dyes. DAVID B. 
MEEK and EDWIN ROY WATSON (T., 1916, 109, 544-561. Com- 
pare this vol., ii, 2).-In an earlier paper it was suggested that 
the vibration causing the colour of a dye is it change, or  tendency 
t o  change, from one quinonoid form to another, involving alterna- 
tion of double and single linkings along a conjugate chain. I n  
connexion with this theory it was shown that  for dyes of similar 
structure the wave-lengths of the maxima of absorption were in 
the ratios of the numbers of double bonds in the chains. The 
effect of varying the nature, but not the lengths, of the conjugate 
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chains has now been investigated. The dyes chosen for examina- 
tion were, t o  give them systematic names, 1 :2-di-, 1 :4-di-, 
1 : 2 : 4-tri-, 1 : 2 : 5 : &tetra-, 1 : 2 : 4 : 5 : 8-penta-, 
1 : 2 : 4 : 5 : 6 : 8-hexa-, 1 : 2 : 3 : 5 : 6 : 7-hexa-hydroxyanthraquin- 
ones. The changes have been made by (1) altering the end groups, 
which was studied by observing the absorption spectra of each 
dye separately in  alcohol, in potassium hydroxide, and on tin, 
alum, and chromemordanted wool, and by (2) varying the 
numbers and positions of the auxochromes, which was investi- 
gated by comparing the different dyes under the same collditions. 

I n  section (1) it was observed that, except in the case of 
purpurin, the maxima of the absorption bands are shifted towards 
the red end of the spectrum on passing from the free dye to its 
salts, and that the amount of displacement rises with the positivity 
of the metallic radicle. I f  it is assumed that the conjugate chain 
is in a state of tension, its oscillation will be shorter the greater 
the tension, and this tension will be greater the more firmly t.he 
metallic radicle is attached t o  the dye, that  is, the more positive 
this radicle is. This interpretation of the results is discussed in 
connexion with Hantzsch’s theories on the colours of violurates 
(A., 1910, i, 200) and with Baly’s views. 

No simple generalisations under section (2) could be made, but 
the results lead the authors t o  criticise the conclusions which 
Georgievics came to on the influence of the hydroxyl groups on 
the colours of the “lakes” of these dyes (A., 1911, i, 546). The 
following suggestions are nearer the truth : (a) two hydroxyl 
groups in one benzene nucleus, ortho or para t o  one another, are 
necessary to the production of a “deep ” colour (red, violet, or 
blue); ( h )  if both benzene nuclei contain such pairs of hydroxyl 
groups the colour is still deeper; ( c )  three hydroxyl groups in the 
1 : 2 : $-positions in one benzene nucleus produce a deeper colour 
than a pair in the ortho- or para-position; (6) three hydroxyl 
groups in the 1 : 2 :3-positions in one nucleus produce a brown 
colour. 

It appears that  absorption spectra of dyes on the fabric had 
not been studied before, and the necessary manipulation is 
described. J. C .  W. 

1 : 2 : 3-tri-, 
and 

The Absorption of Gas bv Quartz Vacuum Tubes. R. S. 
WILLOWS and H, TREVELYAN GEORGE (Proc. Physical 1‘70~. London,, 
1916, 28, 124--131).-A new auartz tube, through which an 
electrodeless discharge is passed, does not absorb air. If the tube 
is previously filled with hydrogen, which is absorbed by the quartz 
when the discharge passes, it is found to have acquired the power 
of absorbing air under the influence of the current. I f  discharges 
in hydrogen are alternated with those in air, the bulb can be 
made t o  absorb large quantities of either gas, and the activity 
towards both air and hydrogen gradually increases. 

I n  explanation of the observations, it is suggested that oxida- 
tion products are formed when the discharge is passed through 
air, and that these products are reduced by hydrogen. The 
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alternating processes are compared with those which occur in a 
storage battery, the absorption of hydrogen corresponding with 
the charging and that of air with the discharging of the cell. In  
support of the theory, it has been found that the readiness with 
which hydrogen is absorbed diminishes when the quartz tube is 
subjected to the action of reducing agents after the air treatment. 

H. M. D. 

The Electric Spark as a, Pulveriser of Solutione, and its 
Use in order to obtain a Monochromatic Light. GUILLAUME 
HIRSCHEL (Rec. trav. chim., 1916, 36, llO-l15).-The apparatus 
used is a modification of the spark-producer of Delachanal and 
Marmet (L4?zn. ch im .  plzys., 1841, [iii], 3). To the tube are 
sealed two side-tubes, one at  the level of the spark and the other 
a t  the top of the tube, to serve respectively as inlet and outlet 
for the particular gas o r  air used. The bottom platinum wire, 
acting as cathode, is surrounded by a stout capillary tube 0.5 mm. 
wider than the wire, and extending above it by 1 mm. The 
capiIlary is slightly opened a t  the base t o  permit the solution 
easily t o  reach the electrode. The apparatus can be so arranged 
in size, if  necessary, that  one drop of solution is sufficient to fill 
the capillary and be pulverised. To produce a coloured flame 
with the salt, hydrogen, by preference, is passed through the 
apparatus and burnt as it issues, arranging the flow of gas t o  get 
a flame 1 cm. high. If ordinary coal-gas is to furnish the flame, 
air is passed through the apparatus and into the air-holes of a 
Bunsen burner. A sketch of the arrangement is shown by which 
this apparatus can be used in conjunction with a Laurent lamp to 
furnish an excellent sodium light f o r  polarimetric work, the in- 
tensity being marly twice as great as that of the ordinary lamp. 
The pulveriser uses 2 amperes at 30 volts and can be1 worked with 
an alternating current, using Caldwell’s contact-breaker. W. G. 

Blectron Theory of the Metals. A. MARCH (Aim. Physik, 
1916, [iv], 49, 710-724).-By the application of the theory of 
quanta, a formula is obtained which connects the number of free 
electrons with the free periods of vibration of the atoms of the 
different metals. When these free periods are changed by com- 
pression of the metal or by the formation of an alloy, there is a 
corresponding alteration in the number of free electrons, which 
shows itself in a change in the electrical conductivity. Atten- 
tion is drawn to the relation between the conductivity and the 
hardness of alloys formed by gold and silver and by gold and 
copper. I n  both these isomorphous mixtures the maximum of 
hardness corresponds with a minimum on the conductivity curve. 
The existence of this relation affords some evidence in support of 
the author’s theoretical deductions. H. M. D. 

Measurements of Conductivity in Soap Films. WALTER 
RTCKENBACRER (Koll. Chem. Beihefte, 1916, 8, 139--170).-The 
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electrical conductivity of a number of soap films has been examined 
in reference t o  the influence of the concentration of the soap and 
to the effect produced by the addition of glycerol and potassium 
nitrate. 

I n  coloured soap films the conductivity increases as the thick- 
ness approaches its lower limit. The increase is less marked in 
more concentrated solutions. It is attributed t o  the accumula- 
tion of the dissolved substances in the surface layers. 

When the thickness of the films is reduced t o  that  correspond- 
ing with the dark spot, the above-mentioned effect is no longer 
observed. The discontinuity a t  the boundary separating the dark 
and the coloured layers is supposed t o  be due to differences in the 
concentration of the dissolved substances. The electrical measure- 
ments give 1 2  pp as the lower limit of thickness of the first dark 
film, but  evidence of a second order of dark film has been obtained 
corresponding with a thickness of 7.3 pp. H. M. D. 

Influence of Temperature on the Electrical C m d u c  tivity 
of Certain Feeble Acids. E. OLIVERI-MANDALA (Gc~xzcttn, 191 6, 
46, i, 298-323).-The observations of various investigators having 
indicated that  increase of the ionisation constant with rise1 of tem- 
perature is a characteristic of weak electrolytes, the author has 
extended such measurements t o  amides, hydroxamic acids, etc., for 
which desmotropic forms are possible in solution, and t o  tetrazole 
and 1 : 2 : 3-triazole derivatives, which have free either a carboxyl 
group o r  an iminic hydrogen atom or both. The compounds 
examined were : azoimide, benzhydsoxamic acid, benzamide, 
4-phenyl-1 : 2 : 3-triazole, 4-cyano-5-methyl-1 : 2 : 3-triazole, y-methyl- 
isooxazolone, 2-methyltetrazole-5-carboxjrlic acid, 2-met'hyl-1 : 2 : 3- 
triazole-4-carboxylic acid, 5-phenyl-1 : 2 : 3-triazole-4-carboxylic acid, 
and 5-methyl-hthyl-1 : 2 : 3-triazole-4-carboxylic acid. 

The reeults obtained show that  the carboxylic acids derived from 
tetrazole and triazole exhibit behaviour analogous t o  thatl of 
aliphatic and aromatic carboxylic acids, rise of temperature being 
accompanied by gradual diminution of the degree of ionisation and 
the electrolytic dissociation constant ; the absolute temperature- 
coefficients of the conductivity also decrease as the temperature 
rises, and the percentage-coefficients vary between 1 and 2 in the 
region of temperature, 0-40°. The1 opposite behaviour is shown 
by tetrazole and triazole derivatives containing, not a free carboxyl 
gryup, bu t  an iminic hydrogen, and also by benzamide and azo- 
imide ; for  these compounds the percentage temperature-coefficients 
of the conductivity are high, and the degree of dissociation and the 
magnitudes derived from i t  increase1 as the temperature rises. 

For 2-methyltetrazole-5-carboxylic and 2-methyl-1 : 2 : 3-triazole-4- 
carboxylic acids, which contain the same substituents, the values of 
R are respectively 0.00052 and 0.0142. This difference is due t o  the 
diverse influences of the two nitrogenated nuclei on the carboxyl 
group. Tetrazole and triazole have1 the respective constants 
1 . 4  x and 1.6 x 10-l2, and should, therefore, act as substituents 
having widely different effects on the value of X. 
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Comparison of the results with those given by other investigators 
shows that  not only feebly dissociated compounds have high per- 
centage temperature-coefficients of conductivity. Thus, the latter is 
the case with bistetrazole, tetrazolamide, and nitrourethane, 
although their dissociation constants are of the1 same order of mag- 
nitude as those of the stronger organic acids. It is not justifiable 
t o  assume! the existence of tautomeric phenomena to  explain such 
abnormal behaviour, since it would not be valid in the cases of 
azoimide, aniline, lzvulose, sucrose, acetoxime, etc., which have high 
temper ature-coefficient s, although intramolecular change in solution 
is excluded. 

The heats of ionisation of the electrolytes considered have been 
calculated by means of van’t Hoff’s equation, d log K / d T =  
-q /RT2.  A high positive heat of ionisation is shown by azoimide, 

benzamide, tetrazols and it5 derivatives, and triazole, that  is, in 
general by electrolytles containing an iminic hydrogen. The other 
compounds, containing carboxyl, behave like carboxylic acids of 
the  aliphatic and aromatic series, their heats of ionisation being 
negative and very small ; benzhydroxamic acid forms an exception, 
since1 itl behaves like a true oxygenated organic acid. 

With most of the above electrolytes which exhibit very high 
heats of ionisation, different desmotropic forms may exist in solu- 
tion, so t ha t  it is questionable whether the calculated heat of ion- 
isation includes the thermal effect of such chemical transformation. 
With other compounds, among them water, such expIanation of a 
high heat of ionisation is not, however, possible. The conclusion is 
drawn that a t  present no relation can be established between the 
heat of ionisation of an electrolyte and its chemical constitution. 

T. H. P. 

A New Method of Determining Ionic Velocities. CONSTANCE 
HARRISON GRIFFITHS (PTOC. Physical SOC. London, 1916, 28, 
132--147).-The method consists in determining the change in 
weight of the cathode and the electrolyte in its neighbourhood by 
suspending the cathode and the cylindrical tube in which this is 
mounted from the beam of a balance. The tube is open a t  the lower 
end, and in the experiments described, which were made with 
copper sulphate solution, the cathode consisted of a perforated 
copper disc. I n  calculating the ionic mobilities from the rate of 
change of weight of the suspended system during the passage of a 
current, corrections are applied f o r  the change in volume of the 
cathode and f o r  the change in the’ density of the surrounding 
solution. H. M. D. 

An Explanation of the Migration of the Ions. S. W. J. 
SMITH (Proc. Ph?/sicaZ SOC. London, 1916, 28, 148--156).-The 
usual graphic method employed to illustrate the changes in concen- 
tration which occur G I ~  the passage of a current through a solution 
is considered t o  be imperfect, and an attempt is made to  give a 
more precise account of the mechanism of electrolysis. H. M. D. 
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A Method of Exhibiting the Velocity of Iodine Ions in 
Solution. S. JV. J .  SMITH (Proc. Physical SOC. London,  1916, 28, 
157--161).-Since dilute solutions of potassium chloride and potass- 
ium ioldide of the same molar concentration have very nearly the 
same electrical conductivity and the potential difference at  the sur- 
face of contact is negligibly small, the combination of these solutions 
affords a convenient means f o r  measuring the mobility of iodine 
(or chlorine) ions. The line of separation of the two solutions, 
which are contained in a U-tube, is made clear by the addition of a 
small quantity of mercuric chloride t o  the tw,o solutions. The 
moving boundary consists of a thin, yellow disk of mercuric iodide, 
which is not appreciably soluble in the potassium chloride solution. 

If the current is first passed in the direction which causes the 
iodine ions tol  travel towards the chloride solution, the chlorine 
libesated a t  the anode affords a means of redetermining the velocity 
of the ions when they are caused t o  move in the opposite direction 
by reversal of the current. H. M. D. 

Potential Relations of Aluminium and Zinc. CH. M. VAN 
DEVENTER (Chem. Weekblad, 1916, 13, 475-478).-1n dilute sul- 
phuric or nitric acid aluminium is electropositive to zinc, but 
amalgamabed aluminium is electsonegative to this metal. 

A. J. W. 

Galvanic Exaltation of Metals in Aqueous Solution. CH. M. 
VAN DEVENTER (Chem. IVeekblad, 1916, 13, 472475).-A lead 
rod coated with lead sulphate, and immersed in an aqueous solution 
of sulphuric acid, is electropositive to a lead rod without the 
coating. A. J. W. 

The Free Energy of Hydrochloric Acid in Aqueous Solution. 
JAMES H. ELLIS ( J .  Amer. Chem. SOC., 1916, 38, 737-762).-The 
best practical definition of im activity or  " effective ion concentra- 
tion )' is afforded by the equation F ,  -F,= RY'log (a , /a2) ,  in which 
F , - F 2  represents the decrease in the free energy of the system 
attending the transfer a t  the absolute temperature 5!' of 1 mol. of 
any substance, fo r  example, an ion, from a solution of any con- 
centration in which its activity is al, t o  another in which its activity 
is u2. The freeenergy decrease, -AF, is best determined by 
measuring the E.M.F. of cells in which such a transfer takes place. 
This investigation deals with the measurement of the i9.iM.F. of 
cells of the type H, (gas) I HC1 (at concentration c) 1 Hg,Cl, (solid) + 
Hg. From the difference betlween the observed E.M.F. of two 
such cells in which the acid concentrations are c1 and c2 the free- 
energy difference can be calculated, and hence by the above equation 
the1 activity ratio can be determined. 

By taking every possible precaution, calomel electrodes have been 
prepared which are reproducible to  0.05 millivolt when in contact 
with hydrochloric acid of concentration not lower than 0.1 molar. 
Measurements of the E.M.F. of cells of the above type are given 
a t  1 8 O ,  25O, and 3 5 O  with HC1 concentrations from 0.033 t o  4.5 

1 7 *  
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inolar. Froin these values have been computed : (1) The cliaiige iii 
free-energy content and in heat content attending the reaction H, 
(I atm.) + I-Ig,Cl,(solid) = fLHg(1iquid) + 2HC1 at  various concentra- 
tions; (2) the change in free-energy content and in heat content 
a,ttending the change HCl(at cl) =HCl(at c,) ; (3) the ratio of the 
activities of the hydrogen ion o r  chloride ion in solutions of various 
concentratlions. With the aid of data obtained by Jahn for  the 
E.M.F. of concentration cells a t  1S0, the series of free-energy values 
is extended t o  HC1 concentrations down to 0.00167 molar. Further, 
combining these results with calorimetric data, it has been possible 
t o  determine the absolute free energy of HCl (referred to  the free 
energies of the elelments as zero) a t  1B0,  25O, and 3 5 O ,  in solutions 
from 0.00167 to 4.5 molar. 

Assuming that  a t  the lowest concentration (0*00167 molal) the 
ion activity is equal t o  the ion concentration, a series of absolute 
activity coefficients for  HC1 in solution has been computed. These 
are compared with activity-coefficients calculated for  potassium 
chloride from E.M.F. measurements and from osmotic pressure data. 
'The conclusion is drawn that  the activity-coefficients, both of hydro- 
chloric acid and of potassium chloride, decrease up to concentrations 
of 0.1 molar far more rapidly than do the conductancecviscosity 
ratios. The difference1 amounts t o  9% for hydrochloric acid and 15% 
for  potassium chloride a t  this concentration, so that  in using the 
conductance ratio1 as a measure of ion activity in mass-action 
expressions a corresponding er ror  is involved. A t  a concentration 
of 0.5 molar the activity-coefficient of hydrochloric acid reaches 
a minimum, and thein increases very rapidly with increasing con- 
centration, becoming 2.23 times as great a t  4.48 molar as a t  zero 
concentration. 

It is further shown that  the activity-coefficients of potassium 
chloride derived independently from 3.M.F. and from freezing- 
point measurelments agree very closely, affording evidence that  f o r  
this salt the conductance ratio is a true measure of ion concentra- 
tion (although not of ion activity), as is assumed in making the 
calculation from the freezing points. E. IT. R. 

Cathode-scattering in Electrolysis. A. H. W. ATEN (Proc. 
K .  Akad. Wetensch,. Amsterdum, 1916, 18, 1374-1384).--If a 
current is passed through a solution of sodium hydroxide or dilute 
sulphuric acid in contact with a lead cathode, and the current 
density is not too small, cathode-scattering occurs. The depend- 
ence of this scattering on the nature and concentration of the 
electrolyte, the current density, and the temperature has been 
quantitatively examined. 

Preliminary measurements showed that  the amount of scatter- 
ing varied considerably with the purity of the lead and that  low 
results were obtained with a new cathode or a fresh solution. 
Although these effects are as yet unexplainable, it has been found 
possible t o  eliminate their influence in the comparative experi- 
ments the results of which are recorded. 

The scattering in solutions of sodium hydroxide, carbonate, 
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and sulphate increases with increase in the current density, rapidly 
a t  first', then much more slowly, and approaches to  a constant limit. 
According to experiments with solutions of sodium carbonate, the 
scattering increases with falling concentration and with falling 
temperature. Potassium salts behave very much the same as 
sodium salts, bu t  with calcium salts the scattering is relatively 
very slight. The effect is considerable in 0.01 and 0.W-sulphuric 
acid at  higher current densities. As the concentration of the acid 
increases the scattering diminishes, and vanishes in O*EiN-solution. 

I n  explanation of the observations, it is supposed tha t  the 
scattering in the alkali hydroxide and salt solutions is mainly 
due to' the formation of an alloy of lead with the alkali metal, the 
secondary decomposition of this by the water leading t o  the forma- 
tion of finelv divided lead. In  acid solution, the scattering is of 
a different type, and it is suggested tha t  discharged hydrogen 
atoms penetrate, into the cathode, where they combine t o  form 
molecular hydrogen, which in its escape from the metal produces 
the scattering effect. H. M. D. 

Coefflcients of Expansion of Gases. Applications. Internal 
Pressure and Internal Work. The Experiments of Kelvin 
and Joule. Perfect State of True Gases. A. LEDUC (A1272. 
Physique, 1916, [ix], 5, 180--217).-A more detailed mathematical 
discussion of work already published (compare A., 1909, ii, 298, 
381, 382, 542, 550, 644; 1911, ii, 792). W. G. 

The Specific Heat at Low Temperatures. 111. Measure- 
ments of the Specific Heat of Solid Nitrogen between 14" 
(Absolute) and the Triple Point, and of Liquid Nitrogen between 
the Triple Point and the Boiling Point. W. H. KEESOM and H. 
KAMERLINGH ONNES (Proc. K. Akad. Wetensch. Amsterdam, 1916, 
18, 1247--1255).-The atomic heat of solid nitrogen increases 
from 1-60 a t  15'27O (abs.) t o  5-48 a t  61.68O (abs.). The tempera- 
ture variation of the atomic heat differs considerably from that 
which is found in the case of monatomic solid substances, and it 
is inferred that  nitrogen in the crystalline condition is diatomic. 

The atomic heat of liquid nitrogen is about 6.7 between 64O and 
76' (abs.). This is considerably greater than the value 6.0 
obtained by Alt  (A., 1904, ii, 393). H. M. D. 

Binary Mixtures. 111. Freezing-point Curves. ARTHUR 
BRAMLEY (T., 1916, 109, 469496).-1n the further investigation 
of the constitution of mixtures of phenols and bases, measure- 
ments have been made of the freezing points of some of the pairs 
of substances the viscosity of which has been investigated in  the 
two previous papers (sele this vol., ii, 125, 376).  

According to  the freezing-point curves, phenol and quinoline 
form two compounds, (C,H,-OH),,(C9H,N), and 

With pyridine, phenol also forms two compounds, 
(C6H,.OH),,(C,H,N). 

(C,H,*OH),( C,H,N) and ( C6H5-OH),,( C,H,N). 
17 *-2 
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The curves for mixtures of phenol with dimethylaniline and with 
diphenylmethylamine consist of two branches meeting in the 
eutectic pointl. 

The curves for mixtures of the three cresols with pyridine show 
that  o-cresol forms the compound (C,H80),(C,H,N) and pcresol 
the same, as well as the compound (C,H,O),,(C,H,N). Mixtures 
of m-cresol and pyridine containing from 35 to 75 mols. % of the 
cresol could not be made t o  crystallise, and the question of the 
combination of these substances remains unsolved so far as 
freezing-point evidence is concerned. 

The curves for  mixtures of o-chlorophenol with various bases 
show that  the phenol combines with aniline, dimet'hylaniline, 
pyridine, quinoline, and acetone to form compounds which con- 
tain the components in the ratio 1 : 1. For  mixtures of o-chloro- 
phenol and diphenylmethylamine two intersecting curves are 
obtained, and there is consequently no evidence of compound 
formation. 

When the freezing-point curves are compared with the corre- 
sponding viscosity curves, it is found that  in some cases both series 
of measurements lead to the same conclusion, whilst in others the 
results appear to be a t  variance. F o r  certain binary mixtures, 
compound formation is indicated by viscosity measurement,s and 
not by the freezing-point curves, and, on the other hand, there 
are pairs of substances for  which the formation of compounds is 
clearly indicated by the freezing-point diagrams, but is not sug- 
gested by the viscosity curves. I n  most cases, however, when the 
formation of a compound is not indicated by the freezing point 
the viscosity curve is sagged, and when the freezing-point diagram 
affords evidence of compound formation the viscosity curve lies 
wholly or in part  above the straight line corresponding with the 
simple mixture rule. H. M. D. 

Binary Mixtures. IV. Heats of Reaction and Specific Heats.  
ARTHUR BRAMLEY (T., 1916, 109, 496-519).-On account of the 
apparently contradictory evidence afforded by viscosity curves and 
freezing-point diagrams for  some of the binary mixtures examined 
in the previous papers (compare preceding abstract), further 
information has been sought by a study of the specific heats of 
mixtures of phenols and bases, and also of the heat changes which 
occur when the components are mixed in various proportions. 

A vacuum-jacketed form of Bunsen ice calorimeter was 
employed f o r  the thermal measurements, whereby the determina- 
tion of the heats of reaction was not affected by the question of 
the specific heats, The specific heats were measured in all cases 
between Oo ?.nd 20°, and fo r  some mixtures between Oo and looo. 

The mixtures examined were o-cresol and pyridine, m-cresol and 
pyridine, and mixtures of o-chlorophenol with dimethylaniline, 
quinoline, pyridine, acetone, and diphenylmethylamine. 

With one exception, these mixtures are characterised by the 
development of considerable quantities of heat, and this may be 
regarded as strong evidence of the formation of compounds. The 
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exception is represented by mixtures of o-chlorophenol and 
diphenylmethylamine, which show a relatively small absorption of 
heat. The curves which are obtained by plotting the heat of 
reaction as a function of the composition show a well-developed 
maximum. The composition corresponding with this maximum 
is in general appreciably different from that  of the equimolecular 
mixture, but  this may be explained when i t  is considered tha t  the 
observed heat of reaction is the algebraic sum of the heat effects 
due t o  the formation of compound molecules and the dissociation 
of complex molecules of the components. When the disturbing 
effect of dissociation is taken into account, the heats of reaction 
may be said to afford evidence of the formation of the equi- 
molecular compound in all the mixtures examined, with the excep- 
tion of o-chlorophenol and diphenylmethylamine. By application 
of the law of mass action t o  the equilibrium between the com- 
pound and its components, and by assuming tha t  the amount of 
the compound formed is proportional t o  the heat of reaction, i t  is 
possible to  calculate the equilibrium constant from the thermal 
data f o r  two different mixtures. F o r  mixtures of o-chlorophenol 
and quinoline, the value so obtained indicates that  the components 
in the equimolecular mixture are combined to  the extent of about 
87%. It is not claimed that  this is more than a rough approxima- 
tion t o  the true value. H. M. D. 

Liquid Chlorine as a Solvent. Cryoscopic Determinations 
at Low Temperatures. P. ~VAENTIG and D. ~lkTNrrosEI (Tmizs. 
R o y .  SOC. Canada, 1916, 9, [3], 203-209).-Cryoscopic determina- 
tions in liquid chlorine were made in a silvered Dewar flask fitted 
with a rubber stopper carrying a tube which served as an air 
chamber for  the freezing-point tube. The desired temperatures 
( -  105O to - lOS0) were obtained by means of solid carbon dioxide 
and ether boiling under reduced pressure. Temperatures were 
measured by means of a platinum thermometer and a Carey-Foster 
bridge. Determinations with substances unlikely t o  form com- 
pounds with chlorine, such as toluene, chloroform, carbon tetra- 
chloride, and stannic chloride, gave as a mean value for li 28.8, 
from which the latent heat of solid chlorine, calculated by the 
van’t Hoff equation, is 20.4 cal. per gram. Determinations with 
ethyl ether and ethyl acetate, which form compounds with tho 
halogens of the type C,H,,,O,X, and CH,-C0,Et,X3, show normal 
results, indicating that  the compounds are broken down in solu- 
tion. Acetone is polymerised in concentrated solutions, whilst 
ethyl and methyl alcohols are greatly associated a t  all dilutions. 
Water and iodine do not change the freezing point of chlorine, and 
hence are either insoluble or very slowly soluble in liquid chlorine. 
Bromine raises the freezing point. G. F. M. 

Maximum Vapour Pressures of Camphor at Moderate 
Temperatures. P. DATIN (Astn. Physique, 1916, [ix), 5, 218-240). 
-A comparison of the ordinary barometric method and the 
method of evaporation (compare Allen, T., 1900, 77, 400, 413) f o r  
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measuring vapour pressures where the values are small. The 
comparison was made using camphor purified by sublimation, 
The barometric method becomes more precise as the maximum 
pressure increases, the order of accuracy depending on the catheto- 
meter used. The method of evaporation is preferable t o  the baro- 
metric method fo r  the measurement of maximum vapour pressures 
below 2 mm. of mercury, and in order to obtain accurate results 
it is advisable to allow the evaporation to proceed for a consider- 
able length of time. Results obtained with purified, synthetic, 
and commercial camphors are shown in graphic form over a 
temperature range of 18--80°, the values obtained for  pure, re- 
sublimed camphor being slightly higher than those found by Allen 
(loc. cit.). W. G. 

The Consequences of the Comparison of Reversible S o h -  
tions with Saturated VapourP. ALB. COLSON (Conzpt. Tend. ,  1916, 
162, 753-756. Compare ibid., 122).-A theoretical discussion 
of the similarity between the conditions governing reversible solu- 
tions and saturated vapours when Clapeyron’s formula is applied 
t o  each case, in which the author adduces further arguments in 
support of the conclusions previously drawn by him (compare A., 
1915, ii, 823). W. G. 

Complete Expression for the  Heat of Reversible Solution 
in a Volatile Liquid. C. RAVEAU (Compt. rend., 2916, 162, 
756-757).-A mathematical consideration of the subject. 

W. G.  

Determination of Ring-tension from Thermal Data. P. E. 
VERKADE (Chem. Zentr., 1916, i, 205-206 ; from Handelingen vatL 
het Vijftende Natuur, 1915, 9).-The heat of hydration of a number 
of dibasic acid anhydrides was found t o  be almost identical with 
the change ir, the heat of combustion involved by the replacement 
of 20H by 0, hencs th0 energy of ring formation is practically 
zero, whence the conclusion is drawn that  in 5- and 6-ring carbon- 
oxygen systems there is practically no tension. The heats of com- 
bustion of a number of cyclomethylene compounds and the corre- 
sponding open-chain compounds were determined. The introduc- 
tion of a methyl group into an open-chain hydrocarbon raised the 
heat of combustion by about 157.5 cal. Since the same value was 
obtained with cyclopentane, cyclohexane, and cycloheptane and 
their monomethyl derivatives, there can be no t’ension in these 
compounds due specially t.o ring formation. The tension in the 
smaller rings, cyclopropane, etc., amounts to1 20-30 cal. These 
results stand in direct contradiction t o  Baeyer’s tension theory. The 
following values a r e  givea for  the heats of combustion of the under- 
mentioned acids and their anhydridefs : benzoic acid, 772.0 ; anhy- 
dride, 1556.3 ; cinnamic acid, 1049.9 ; anhydride, 2092’4 ; diphenyl- 
acetic acid, 1649.9 ; anhydride, 3309.6 ; diethylacetic acid, 830.6 ; 
anhydride, 1668.7 ; heptoic acid. 985.7 ; anhydride, 1984-8. Re- 
duced h j  dration constants (hydration constants less the influence 
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of the dissociation constants of the acids), I<: of succinic anhydride, 
0.0107 ; maleic anhydride, 0*0009 ; methylsuccinic anhydride, 
0.01 12 ; itaconic anhydride, 0.0065. G.  F. M. 

Supposed Effect of the Form of Container on the Density 
of a Gas. WILLIAM A. NOYES and LAURENCE C. JOHNSON (J. Anzer. 
Chem. SOC., 1916, 38, 1017--1021).-1n determinations of the 
volumetric ratio in which oxygen and hydrogen combine, Morley 
obtained a mean value 1 : 2.00023, whilst Scott found the ratio to  
be 1 : 2.00285. I n  neither caw did the probable1 error exceed 1 part  
in 25,000. Since, in the former experiments, the gases were 
measured in a eudiome'ter tube and in the latter in spherical 
vessels, Morley has suggested tha t  the discrepancy may be due, in 
some way, t o  the difference in the shape! of the vessels. Comparison 
has therefore been made of the volume occupied by a gas in a 
system of tabes with that  which i t  occupies in a bulb, and it has 
been found that  the difference does not exceed 1 part  in 10,000, 
whereas Morlely and Scott's delterminations differ by-1 part  in 1000. 

E. G. 

The Effect of Unsaturation on the Molecular Volumes of 
Organic Compounds. GERVAISE LE BAS (Chenz. News, 1916, 11 3, 
253-255) .-Molecular volumes are recorded in support of t h s  view 
tha t  the volume occupied by two1 atoms of hydrogen is equal t o  the 
difference between the volumes of an ethenoid compound and the 
corresponding saturated compound. I n  unsaturated compounds 
which contain an acetylene linking o r  two ethenoid linkings, the 
removal of the second pair of hydrogen atoms is accompanied by 
a slight increase in volume. A similar effect is shown when a 
relatively small atom like chlorine is replaced by larger atoms, such 
as bromine1 and iodine. 

A comparison of the molecular volumes of benzene derivatives 
with those of di-, tetra-, and hexa-hydrobenzene derivatives affords 
evidenoe in support of the  view tha t  the extra hydrogen atoms in 
the reduction products resembls the hydrogen atoms in saturated 
aliphatic compounds in their volume relations. H. M. D. 

Further Study of Floating Equilibrium. THEODORE W. 
RICHARDS and GORHAM W. HARRIS (J. ,41ner. Chem. SOC., 1916, 
38, 1000-loll).-In earlier papers (A., 1912, ii, 599; 1914, ii, 
98) i t  has beten shown that  the method of floating equilibrium can 
be applied to the analysis of solutions, the calibration of thermo- 
meters, and the determination of coefficients of expansion. The 
present paper describes expelriments relating t o  the precautions 
required f o r  quick and accurate determination of the floating equi- 
librium, the thermal hysteresis of glass floats, the influence of 
changeis of pressure on the behaviour of the floats, and the effect 
of traces of common impurities in water. Concent#ration-tempera- 
ture curves have been studied with several floats made of different 
kinds of glass in dilute hydrochloric acid, and it is shown that  
such curves can be employed f o r  estimating hydrochloric acid in 
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solution o r  for  the approximate standardisation of a given interval 
in a thermometer. The almost identical coefficients of expansion 
of very dilute solutions render such a curve an expression of the 
relation between the density of any very dilute solution and the 
temperature of floating equilibrium, and thus enable densities to be 
determined thermometrically. E. G. 

Compressibility of Certain Typical Hydrocarbms, Alcohols, 
and Ketones. T. W. RICHARDS and J. W. SHIPLEY (J .  Amer. Chcm. 
Soc., 1916, 38, 989--999).-The present work on the compressi- 
bility of organic compounds was carried out in continuation of that  
already published (A., 1909, ii, 214; 1912, ii, 896, and earlier 
papers). ThO same method was adopted as in the earlier work, but 
the pressure gauge and piezometer were improved, and a study was 
made of the pressure-volume hysteresis of glass. The compressi- 
bility of the following compounds is recorded in terms of megabars 
over the ranges 100-300 megabars and 300-500 megabars: 
methyl alcohol, ethyl alcohol, acetone, diethyl ket'one, BE- and 
j3G-dimethylheptanes, benzene, toluene, ethylbenzene, iso- and 
1%-propylbenzenes, tert.-butylbenzene, mesitylene, q-cumene, cyclo- 
hexane, cyclohexanol, and cy clohexanone. The experiments were 
conducted a t  20°, except in the case of liquid cyclohexanol, in 
which determinations were made a t  40° and 34O. 

The results show a remarkable parallelism between the change of 
compressibility with pressure and the magnitude of the compressi- 
bility itself; in nearly all cases grelater compressibility is accom- 
panied by greater change of compressibility under increasing pres- 
sure. They also indicate! that  in a given series of compounds the 
more compressible substlance has the lower b. p. 

Binary Mixtures. 11. The Densities and Viscositiee of 
Mixtures Containing Substituted Phenols. ARTHUR BRAMLEY 
(T., 1916, 109, 434-469. Compare this vol., ii, 125).-The 
investigation of binary mixtures of phenol with bases of varying 
strength has shown that  the chemical combination of the com- 
ponents of the mixtures tends to make the viscosity greater than 
tha t  calculatled from the simple mixture rule. The, anomalous 
results obtained with certain pairs of substances have been attri- 
buted t o  molecular association of one of the components, and in 
order t o  test the validity of tlhis hypothesis, further measurements 
have been made in which thel phenol was replaced (1) by substi- 
tuted phenols differing only in the degree of molecular associa- 
tion, and (2) by non-associated phenols of more strongly acidic 
nature. As in the inveskigation of the phenol mixtures, the 
measurements of viscosity and density were made over a wide 
range of temperature. 

The results obtained f o r  mixtures of the three cresols and phenol 
with pyridine show that  o-cresol differs considerably from the three 
other phenols in so far as the viscosity relations of these mixtures 
are concerned. It seems probable that molecular association is the 
factor which is mainly responsible for this difference, the associa- 

E. G. 
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tion factor for  o-cresol (1.09) being much smaller than the value 
for phenol (1*30), m-cresol (1*41), or pcresol (1.44). The same 
s'eqnence is obtained if the phenols are arranged according t o  the 
temperature a t  which the viscosity curves for the pyridine mixtures 
begin t80 show a maximum. The temperatures in question are:  
o-cresol, 3 O  ; phenol, 45O ; m-cresol, 6 7 O  ; p-cresol, 7 4 O .  

The viscosity curves f o r  mixtures of o-chlorophenol with aniline, 
diniethylaniline, quinoline, and pyridine are characterised by a 
well-developed maximum. The curves f o r  mixtures of o-chloro- 
phenol with diphenylmethylamine are of the sagged type, and 
sinuous curves are obtained f o r  mixtures of o-clilorophenol and 
acetone. 

Experiments with the much more strongly acidic o-nitrophenol 
gave viscosity-composition curves showing a maximum with quino- 
line, and a minimuin with aniline, whilst the curves for  pyridine 
mixtures are sagged. In  spite of its more pronounced acidity, 
o-nitrophenol appears t o  combine with bases t o  a much smaller 
extent than o-chlorophenol, and it is suggested that  this may be 
due to the1 greater dissociating power of the nitro-compound as 
measured bv its dielectric constant. 

The observations show that  any change in the hinary mixture 
which telnds t o  increase (decrease) the complexity of the molecular 
condition gives rise t o  an increase (decrease) in the viscosity. F o r  
many apparently indifferent pairs of substances, sagged viscosity 
curves are1 obtained, and this is t o  be attributed t o  the dissociating 
effect of the components on one another. When chemical combina- 
tion occurs, the difference between the observed viscosity and that  
calculated by the mixture rule should be a maximum f o r  the 
mixture which contains the largest proportion of t h s  compound 
formed. This is very frequently found not t o  be the case, and 
such deviations must be attribut'ed to  the disturbing influence of 
the molecular association of the  components and their unequal 
dissociating power. On account of these disturbing factors, 
measurements of the viscositv of mixtures cannot be regarded as a 
trustworthy test of compound formation, and still less can i t  be 
regarded as a safe method of determining the composition of such 
compounds. R. M. D. 

Osmotic Pressure of Colloidal Hydrated Ferric Oxide. 
F. VAN DER FEEN (Chem. Weekblad,  1916, 13, 453--458).-An 
account of deteirminatsions of the osmotic pressure of colloidal 
solutions of hydrated ferric oxide. A. J. W. 

Relation of Osmosis of Solutions of Electrolytes to Mem- 
brane Potentials.  Theoretical. F. E. BARTELL and CARL D. 
ROCKER ( J .  Amer. Chem. SOC., 1916, 38, 1029--1036).-The 
osmosis of solutions of electroflytes shows a close relationship t o  the 
differences of potential between the two faces of membranes 
separating such solutions from water, and this fact supports the 
view tha t  the osmosis of such solutions is largely dependent on 
the electrical condition of the membrane. Theoretical considera- 
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tions are advanced which support the view tha t  bhe osmotic effects 
observed in the experiments already described (A,, 1914, ii, 347) 
can be best explained by the following assumptions. 

The abnormal osmosis is due primarily to an  electrical effect, and 
is analogous to electrical osmosis. The osmosis of the solutions is 
due to the passage of a charged liquid layer along the capillary 
tubes of the membrane under the  driving force o'f a difference of 
po'tential which acts as though it were set up between the two' faces 
of the membrane. The charge on the  movable liquid layer is 
determined by the  charge which the porcelain assumes when 
immersed in water, bu t  this chargel may be altered by selective 
adsorption of ions when the membrane is brought into contact with 
solutions of electrolytes; and other ions than those of hydrogen 
and hydroxyl may affect the charge on the membrane. The polar- 
isation OP the  membrane, is probably determined by the relative 
rates of diffusion of the ions through the  membrane, bu t  may be 
altered by other factors, such as ionic adsorption. The extent of 
osmosis may be affected by the  relative volumes of water and salt 
solution on the  two faces of the! membrane, since this factor may 
affect the diffusion of the salt through the  membrane. E. G.  

Olamosis of some Solutions of Electrolytes with Porcelain 
Membranes, and the Relation of Osmosis to Membrane 
Potential. F. E. BARTELL and CARL D. HOCKER (J .  Amer. Chem. 
SOC., 1916, 38, 1036--1050).-Bartell (A., 1914, ii, 347) has 
shown tha t  some salt solutions when placed in osmotic cells con- 
structed of porcelain membranes of certain grades gave negative 
osmosis, t ha t  is, the direction of the flow of liquid was from the 
concentrated to the  more dilute solution. The present work was 
undertaken to study the relation of osmosis to membrane potential 
and to determine the manner in which the  osmosis varies with the 
concentration of solutions of electrolytes and with the diffusion 
of such electrolytes from the  cells. 

Cells were constructed of porcelain membranes of such porosity 
tha t  the diameter of the largest pores was about 0.2 micron, and 
the  osmosis of the  following electrolytes was investigated : solu- 
tions of various nitrates of concentrations varying from 0.0005.M 
t o  M ;  solutions of various potassium salts of concentration 0.1M; 
solutions of hydrochloric acid and of sodium hydroxide of con- 
centrations between 0-001M and 0 . 2 M ;  and 0*1M solutions of 
some typical nitrates when the  membranes were immersed in  hydro- 
chloric acid and in  sodium hydroxide of different concentrations. 

It was found tha t  t he  osmosis of these electrolytes varies in 
different ways with the  concentration. Some give positive effects, 
which increase with the  concentration of the  electrolyte ; others 
give positive effects a t  low concentrations and negative effects a t  
higher concentrations, the positive osmosis decreasing as the con- 
centration of the  electrolyte is increased. For some electrolytes 
there is a particular concentration which gives the maximum 
positive osmosis; whilst othe'r concentrations, both higher and 
lower, give smaller positive effects; and for others there is a con- 
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centration which gives the greatest negative osmosis, whilst all 
other concentrations give effects tending t o  be more positive. I n  
the case of all the nitrates, except those of aluminium and thorium, 
a concentration was found a t  which the effect was practically zero. 
Osmosis seems to be closely related t o  the electrical orientation of 
the membrane and to the difference of potential between the solu- 
tions bathing the faces of ths  membrane. I n  most cases the 
orientation of the membrane is that  which would be expected 
from the difference in migration velocities of the ions, without 
considering the membrane, but in a few cases it is the reverse. 
I n  the case of all the monobasic salts, the greater the rate of 
diffusion of salt through the membrane the greater is the positive 
osmosis. The rate of diffusioii is always closely related t o  the 
magnitude of the cell potential. 

The Calculation of the Dissociation Constants of Extremely 
Weak Acids and Basee. KARL H. A. MELANDER (Bkchenz. 
Zeitsch., 1916, 74, 134--136).-The author has recalculated the 
formula for the dissociation constant of an acid determined by the 
measurement of the change of the hydroxyl (or hydrogen) ion 
concentration when a given amount of acid is added to a given 
solution of alkali hydroxide. It is k = y . [HI . Ao;/[S] - A,, where 
S is the concentration of the added acid, A;K is the change pro- 
duced in the hydroxyl-ion concentration of the alkali due to addi- 
tion of the acid, and y is the dissociation grade of the sodium salt 

of the acid, that  is, b]/[s] + “as], [q being the concentration 
of the acid ions. 

OTTO STERN (AWL Physik ,  
1916, [iv], 49, 823--841).-A theoretical paper in which the 
author shows that it is probable that the entropy of solid solu- 
tions converges to a zero value with falling temperature, as 
required by Nernst’s theorem. 

Mode of Attachment of the Water of Imbibition in Cryetals 
which are Capable of Swelling in Water. J. R. KATZ (Zeitsch. 
physiol. Chem., 1915, 95, l-l5).-The author has measured the 
changes in the vapour pressure of crystals of carboxyhzmoglobin 
from the blood of the horse and of the dog, of vitellin from 
pumpkin seeds, of Bence-Joiie6 albumose, and of amylodextrin, 
corresponding with the changes in the amounts of water of imbibi- 
tion contained in them. The estimation of the vapour pressure 
was carried out by exposing a small quantity of the crystals in a 
desiccator containing a mixture of water and sulphuric acid of 
known vapour pressure until the weight was constant, the amount 
of water in the crystals being then ascertained. On plotting the 
vapour pressures against the corresponding water-contents, regular 
curves are obtained in each case without any discontinuities, which 
indicates that  the water and the carbohydrate, protein, or lipoid, 
as the case may be, form a solid solution and constitute a par- 
ticular case of “ mixed crystal.” All the substances examined 

E. G. 

f 

S. B. S. 

The Entropy of Solid Solutions. 

H. M. D. 
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retained their crystalline condition during the imbibition of the 
water, although the characteristic angles altered owing to imbibi- 
tion occurring in certain directions to a greater extent than in 
others. H. W. B. 

Mode of Attachment of the Water of Imbibition in Hamin 
Crystals. J. R. KATZ (Zc?itsch. physiol. Chem., 1915, 95, 16-17. 
Compare preceding abstract).-Hzemin crystals were dried a t  130° 
in a current of nitrogen, and the changes in vapour pressure corre- 
sponding with changes in the content of water of imbibition esti- 
mated by the method indicated in the preceding abstract. The 
curve showing the relation between the water-content of the 
crystals and the vapour pressure is continuous, indicating the 
existence of a -state of solid solution of the water in the hzemin and 
the absence of true water of crystallisation. H. W. B. 

The Relation between the Angles of Mixed Crystals and 
thorn of their Components. FERRUCCIO ZAMBONIRI (Conzpt. rend., 
1916, 162, 835-837).-The molybdates of calcium, strontium, 
and lead form mixed crystals with the corresponding salts of 
cerium, didymium, and yttrium. These have been examined 
goniometrically, and the values of angles between pyramid faces 
on crystals of the simple salts and of mixed crystals are recorded. 
I n  almost every case it is found that  the size of this angle does 
not bear any simple relation t o  the composition of the mixed 
crystals, and in some cases its value does not even lie between the 
values of the corresponding angle on crystals of the simple com- 
ponents. E. H. R. 

Liesegang’s Rings and Related Phenomena. IV. The Morpho- 
logical Characters of Liemgang’s Rings. ERNST KUSTER (Kolloid 
Zeitsch., 1916, 18, 107-116. Compare A., 1913, ii, 893; 1914, 
ii, 630).-The ring structures which are developed when certain 
substances react in a gelatin medium are! analysed, and the 
phenomena of rhythmic crystallisation discussed. 

Hydrosol8 of Mercury and of its Oxygen Compoiinds. 
CONRAD AMBERGER (Kolloid Zeitsch., 1916, 18, 97--101).-Many 
substances which act as efficient protective colloids towards metals 
like silver, platinum, and palladium in the hydrosol condition are 
found t o  be relatively ineffective in the case of colloidal mercury. 
Such preparations as have been obtained change more or less 
rapidly on keeping, and the mercury becomes insoluble. 

It has been found that stable, therapeutically active, colloidal 
mercury can be obtained by the use of albumins or their products 
of decomposition as protective agents. Solid hydrosols contain- 
ing up to 80% of mercury have been prepared by the addition 
of a solution of mercuric chloride to mixtures of glutin or dextrin 
with pyrogallol, catechol, or  certain aminophenols, whereby a 
yellowish-white precipitabe is obtained. On the addition of alkali 
reduction takes place, and colloidal mercury is obtained. 

H. M. D. 
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If glutin or dextrin is mixed with a solution of an alkali and 
a mercuric salt added, colloidal mercuric oxide is obtained. By 
the reaction of colloidal mercury with colloidal mercuric oxide, 
prepared as described above, stable preparations of colloidal 
mercurous oxide are obtained. H. M. D. 

Non-, Uni-, a n d  Bi-variant Equilibria. VII. F. A. H. 
SCHREINEMAKERS (Proc. K .  Akad. Wetensclz. Amsterdam, 1916, 
18, 1384-1398. Compare this vol., ii, 23l).-A further discussion 
of the relations exhibited by pressure-temperature equilibrium 
diagrams. H. M. D. 

The Pressure-composition Diagrams of Unary  Systems 
according to the Theory of Allotropy. A. SMITS (Proc. K. Aknd. 
Wetensch. Amsterdam, 1916, 18, 1334--1350).-A theoretical 
paper in which the author discusses the equilibrium relationships 
in so-called pseudo-unary systems on the hypothesis that, the various 
solid (enantiotropic, monotropic) phases consist of a t  least two 
kmds of molecules in internal equilibrium. H. M. D. 

Suggestion Concerning the Sta tement  of the Phase Rule. 
THEODORE W. RICHARDS ( J .  Amer. Chem. SOC., 1916, 38, 
983-989).-The chief difficulty encountered by beginners in con- 
nexion with the phase rule is with regard to the definkion of the 
term ‘ *  component.” It is thmefore suggested that  the idea of the 
component should be replaced by that of the “individual,” which 
is defined as follows: “ the individuals of any reacting system are 
the separabe chemical substances, undecoinposed in the reactions 
concerned, which are necessary to construct the system; the number 
of such individuals to be chosen is the smallest number necessary 
t o  construct the system.” Into the equation, representing the 
phase rule and expeasing the number of degrees of freedom, a 
term is introduced giving the maximum number of independent 
restrictions involved in the fixation either (1) of one o r  more of 
the intensity factors of the forms of physical energy concerned, o r  
(2) of soma concentration relation of the individuals in the variable 
phase. An outline is given of an inductive method of evolving the 
phase rule for beginners. E. G. 

The Ignition of Mixtures of Methane a n d  Air a n d  Hydrogen 
and Air by means of the Impulsive Electric Discharge. SOSALE 
GARALAPURY SASTRY (T., 1916, 109, 523--529).-Recent observa- 
tions on the electrical ignition of gas mixtures (Thornt’on, A., 1914, 
ii, 524, 834; 1915, ii, 734) have led to the view that continuous 
alteration of the proportions of gas and air in an explosive mixture 
is, o r  may be, accompanied by discontinuous alterations in the 
energy of the igniting spark. I n  order t o  check the observations 
which have led to the theory of stepped ignition, further experi- 
ments have been made with mixtures of methane and air and with 
mixtures of hydrogen and air. It was found that comparable 
results could only be obtained when precautions were taken to  
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ensure constlaiicy of the rate of break of the primary circuit of the 
induction coil used for the production of the single disruptive dis- 
charges and also constancy in the condition of the secondary 
spark-gap. It is probable that  the) relative energies required for  
the ignition of different mixtures are proportional to the minimum 
currents in the primary. of the induction coil which, when broken, 
cause ignition, and the curves, which are obtained when these 
minimum igniting currents are plotted against the composition of 
the gas mixtures, are perfectly continuous. There is consequently 
110 support for the theory of stepped ignition. H. M. D. 

Influence of some Solvents on the Rats of Action of 
Sodium with zsoamyl Bromide. PAUL WHITTIER CARLETON (J .  
Ammer. Chem. SOC., 1916, 38, 1128-1136).-Experiments are 
described which wer0 carried out with the object of determining 
the rate of reaction of sodium (in particles with an average dia- 
meter of 0.1-0.2 mm.) with isoamyl bromide, dissolved in ether, 
in dimethylaniline, and in benzene. The1 reaction proceeded more 
rapidly in ether than in benzene, and much more rapidly in 
dimethylaniline than in either of the other two solvents. This 
cannot be explained as a result of the dissociation of the isoamyl 
bromide, but  is regarded as due t o  the formatdon of ammoilium 
salts and, t o  a slight elxtlent, t o  the formation of oxonium salts, 
and to the replacement of the less positive basic organic radicle in 
the salt by sodium. The effect of certain impurities on the rate 
of reaction was investigated, and it was found tha t  small quantitiee 
of alcohol o r  acetone cause a very great acceleration. 

The Velocity of Coagulation of Aluminium Hydroxide Solu- 
tion. JOHN A. GANN (KoZZ. Chenz. Beihefte, 1916, 8, 63--138).-The 
rate of coagulation of colloidal aluminium hydroxide in presence 
of various salts of the alkali metals has been examined with the 
view of elucidating the chief factors which influence the velocity 
of the process. The progress of coagulation was follolwed by 
measurelment of the change in the viscosity of the solutions. 

The results obtained show that  the coagulation is an auto-cata- 
lytically accelerated process, which, in the case of the more d i lub  
colloidal solutions, takes place in accordance with the equation 
dlr / d t  = k,(l + b,x)(l - x), where x is the increase in the viscosity 
after time t ,  expressed as a fraction of the total increase, and k, 
and b ,  are constants. F o r  univalent anions of various kinds, the 
total change in the viscosity has the same value. F o r  more con- 
centrated solutions of aluminium hydroxide, the progress of coagu- 
lation approximates nior0 closely t o  that  expressed by the formula 

The coefficient Ic, varies but. little with the concentration of the 
colloid, and b,  is nearly independent of the nature and concentra- 
tion of the aniocn of the coagulating electrolyte. On the other 
hand, k, increases rapidly with the concentration of the electrolyte, 
the rellation being expressed by the exponential equation k, = f i c p ,  
in which p is approximately equal to 5. I n  view of this relation, 

E. G. 

dx 1 dt = k1'( 1 - x)? 
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i t  is evident that  tlie range of concentration over which the velocity 
of coagulation can be measured for a given electrolyte is very 
limited, and that  a particular concentration can be assigned t o  each 
electrolyte which represents the lowest concentration which causes 
coagulation with measurable velocity. These concentrations, or 
more accurately those which correspond with the same value of k,, 
may be taken to represent the coagulating powers of the various 
electrolytes concerned. 

The coagulating power depends on the valency and nature of the 
anion, and in agreement with views previously put  forward by 
Freundlich i t  is found that  the colagulating concentrations are those 
which correspond with equivalent quantities of the adsorbed anions. 
I n  proof of this relation, measurements were made of the quantities 
of various alkali salts which are adsorbed by aluminium hydroxide. 

The viscosity of a colloidal aluminium hydroxide solution in- 
creases with the concentratlion according t o  a linear equation, but  
the increase is much more rapid in the case of the coagulated sol. 
Tho relations involved depend t o  a considerable extent on the 
method of measuring the viscosity. 

Chemical Reactions in Anisotropic Liquids. 11. THE. 
SVEDBERG (liolloid Zeitsch., 1916, 18, 101-106. Compare this 
vol., ii, 211).-&ileasurements of the rate of decomposition of picric 
acid, trinit.rolresorcino1, and pyrogallol in an anisotropic solvent 
have shown tha t  the reaction velocity is diminished when the 
solution is subjected to the influence of a magnetic field. The 
solvent used was pazoxyphenetole, the temperature of measurement 
140°, and the progress of tlie reaction was followed by determining 
the electrical conductivity of the solutions. The effect was not 
observed in similar experiments with maleic acid as the dissolved 
substance. H. M. D. 

H. M. D. 

Catalysis of Hydrogen Peroxide in Heterogeneous Media. 
Experiments with Oxides. GEORGES LEMOINE (Corn@. rend., 1916, 
162, 702-708. Compare A., 1912, ii, 747; 1915, ii, 626).-A 
quantitative study of the effect of a number of oxides on the decom- 
position of hydrogen peroxide. The value of n in the equation 
y/p=+(l-y/p)ndt ,  where p is the weight of real hydrogen per- 
oxide in 1 gram of the starting liquid, and y is the weight decom- 
posed in the time t ,  n and k being constants, has been determined 
in  each case. Freshly precipitated ferric oxide dried a t  180° exerts 
a more energetic catalytic effect a t  2 1 O  than a t  69'5O, and calcina- 
tion of this oxide for  twenty minutes a t  a red heatl reduces its 
catalytic effect. The value n = 2  was obtained in each case. The 
more compact oxide, colcothar, is an efficient catalyst, but  less 
energetic than the tlwo previous oxides. The value of n is 1. The 
catalysis increases with the weight of oxide taken, but not propor- 
tionally. Aluminium oxide is a negative catalyst, the value of n 
being 1. Cerium oxide is an excellent catalystl, and gives n = 2 .  
Calcined silica is a more effective catalyst than dried silica. The 
catalysis in both cases increases rapidly with the weight. Thorium 
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oxide when used in sufficient quantity increases the decomposition 
of the hydrogen peroxide, but there was indication that in small 
quantities it acted as a negative catalyst. The value of m is 1. 

W. G. 

Catalysis of Hydrogen Peroxide in Heterogeneous Media. 
Experiments <with Ciarbon ; Goncluaions. GEORGES LEMOINE 
(Ctmyt: r e m 2 ,  i9li3, iS2; 723--7!3i: C ~ ~ I W  Liris- vd:, ii; 29% 
309, preceding abstract).-Of the three types of charcoal tried, 
namely, from cocoa-nut, from wood, and from sugar, all three are 
efficient catalysts f o r  the decomposition of hydrogen peroxide, the 
most energetic being cocoa-nut charcoal. Their function as catalysts 
is apparently correlative with their absorptive power for gases. The 
value of n in the equakioa (Zoc. cit.) was in each case 2. The cata- 
lysis by means of charcoal was similar t o  that  with platinum moss. 
A series of experiments was performed, using charcoal charged with 
various gases, and i t  was found that the nature of the gas had 
little, i f  any, influence on the catalysis. The catalytic effect was 
relatively much greater a t  1 5 O  than a t  3 3 O .  The velocity of decom- 
position increased in every case with the weight of catalyst used, 
but not propostionably. W. G. 

The Hardening of Fats. 'IV. NORMANN (Chem. Zeit., 1916, 40, 
381-383).-A reply to the contentions of Siegmund and Suida 
(A., 1915, ii, 626) and of Erdmann (A., 1915, i, 770), that  the 
hardening of fats is not necessarily conditioned by the presence of 
metallic nickel. The author, after introductory remarks of a 
polemical character on the history of the f at-hardening process, 
denies Erdmann's suggestion that the presence of free nickel in 
the oxide catlalyst after use was due to a reduction by impurities 
in the oil o r  to the employment of temperatures higher than 
250--260°. Further, the carbonyl reaction with which a positive 
result was obtained is perfectly trustworthy, as blank experiments, 
even a t  90°, with nickel oxides, failed to give any nickel mirror, 
and the experiments in question were carried out a t  far lower 
t'emperatures than this, and still indicated the presence of metallic 
nickel in the catalyst. The presence of carbon dionide in the 
elmerging carbon monoxide is no indication of the reduction of 
nickel oxides by the latter gas, since the monoxide is itself resolved 
into casbon and carbon dioxide by the catalytic action of metallic 
nickel. The conductivity measurements of Siegmund and Suida 
are regarded as untrustworthy, i f  only on account of their own 
lack of agreement, which is t o  be attributed t o  the organic sub- 
stances present in the used catalyst. Electrical conductivity 
depends essentially on the form, situation, and state of division 
of the metallic particles, rather than on the actual amount of metal 
present, and the fact that  Erdmann found conductivity by adding 
5% of reduced nickel in comparatively coarse particles to a catalyst 
which previously was not conducting, is no proof of the previous 
absence of free nickel. The author's original experiments with 
Pungs have now, moreovelr, been confirmed, using a synthetic 
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triolein of undoubted purity, and hardening a t  250°, the  process 
being stopped while the fat  was still liquid. The catalyst was then 
separated, and gave the carbonyl reaction a t  50°, and showed elec- 
trical conductivity with the greatest facility. It is, therefore, con- 
sidered that  metallic nickel is certainly present in quite sufficient 
quantity to  account f o r  the catalytic action, and i t  is unreasonable 
to  wish t o  ascribe t o  a hypothetical nickel suboxide an effect which 
is amply accounted for  by a substance which is positively shown 
to be present, and is known to be capable of exerting that effect. 

G. F. M. 

Errors Affecting the Determination of Atomic Weights. 
I. The Weighings. PH. A. GUYF: ( J .  Chim. phys., 1916, 14, 
25-54) .-A theoretJca1 paper in which the errors affecting atomic 
weight determinations are considered. The present paper deals 
particularly with the errors which may occur in the weighings. 
These are considered under the headings o f :  (i) the balance; 
(ii) the weights; (iii) the apparatus weighed; and (iv) the reduc- 
tion of the weight t o  vacuum standard. The main causes of error 
in the weighings are: (i) difference between the temperatures of 
the air above the pans of the balance; (ii) use of weights which 
have screwed-on heads ; (iii) inaccuracies due to  calibration of 
brass weights with platinum weights; (iv) occlusion of gas or 
formation of water particles on the surface of weights (particularly 
platinum weights) ; (v) differences in volume between the 
apparatus weighed and its counterpoise ; (vi) condensation of gas 
or moisture on the apparatus; (vii) variations in volume of the 
apparatus due to heating; (viii) inequalities in the arms of the 
Iialaiice; and (ix) the correction of the weight to  vacuum standard. 
I t  is shown that  the mean error arising from the above causes has 
the following values: (i) a temperature difference of O.0lo above 
the pans gives an error of 4/100 mg.; (ii) unsymmetrical pans, 
1 / 100 mg. ; (iii) a temperature difference of 0.lo above the balance 
arms, 2/100 rng.; (iv) weights with screwed heads, 1/100 mg.; 
(v) calibration of brass weights with platinum weights, 1 / l o 0  mg. ; 
(vi) changes in the amounts of gas and moisture occluded on the 
weights and apparatus, 2/100 mg.; (vii) a difference of 0.1 C.C. 
between the volumes of the apparatus and the counterpoise, 
2/100 mg.; (viii) variations of the gas o r  moisture absorbed on 
the surface of the apparatus, 2/100 mg.; (ix) change in volume 
due t o  heating, 2/100 mg. ; and (x) error due to  the reduction of 
the weight t o  vacuum standard by the ordinary method, 2/100 
mg. per gram. It is thus obvious that  a total error of 19/100 mg. 
is likely in a weighing. The author consequently deprecates the 
statement of weights to 1/100 mg., as is customary, unless these 
sources of error have been removed. It is shown tha t  the con- 
struction of the balance arms of a stable bronze of low coefficient 
of expansion, weighing in a closed space of constant temperature, 
and finally with a balance which may be evacuated, the majority 
of the above-mentioned errors may be avoided. J. F. S. 
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Errors Affecting the Determination of Atomic Weights. 
11. Experimental Determination of the Vacuum Correction 
for the Weight of Powders. TH. RENARD and PH. A. GUYE 
(J. Chim. phys., 1916, 14, 55-82. Compare preceding abstract). 
-A number of experiments are described which have been carried 
out with the object of determining the dimensions of the correc- 
tion which is t o  be applied to the weight of substance in the finely 
divided condition in order to reduce the weight t o  the vacuum 
standard. As a result of this work it is shown that  the conditions 
under which the determination of the factors entering into the 
calculation of the vacuum correction is obtained do not admit 
of a greater accuracy than 1/100,000 of the weight of the sub- 
stance taken, so that  results given t o  1/100 mg. on 5 grams of 
substance are illusory. Even when the correction factors are 
determined with the greatest accuracy, experiment shows that the 
calculated weight in a vacuum is sometimes a little less and some- 
times a little larger than the true weight as experimentally deter- 
mined, the order of the difference of the two values being 
+1/100,000 of the weight of the substance. This difference is due 
t o  the inclusion of air in the powdered substance, and it is shown 
that  the only way t o  get the vacuum weight of a finely divided 
substance is t o  weigh i t  actually in a vacuum. It is again shown 
that  weights given t o  1/100 mg. are from this cause also untrust- 
worthy, and also that  in most cases a weight accurate t o  1/10 mg. 
is all that  is necessary. 

Errors Affecting the Determination of Atomic Weights. 
111. Various Methods in Use for Reducing Weight to  the 
Vacuum Stsndard. PH. A. GUYE ( J .  Chim. phys., 1916, 14, 
83-100. Compare preceding abstracts).-In the present paper 
the author reviews the various methods in  use for the reduction 
of weight to the vacuum standard. It is shown that  these methods 
furnish results which vary considerably in their degree of pre- 
cision; thus the modern method (weighing of all substances in 
vacuum) yields atomic weights which on this account alone are 
liable to an error of 1/300,000; the method due t o  Stas yields 
figures accurate t o  1/100,000, whilst that  due t o  Marignac or 
Harvard contributes an error of 1 /33,000. Since the actual agree- 
ment between different observers using different methods for  the 
determination of the same atomic weight is 1 / lO ,OOO,  it follows 
that  the whole of the methods for reduction to the vacuum 
standard are sufficiently precise. I n  view of the considerations of 
the present and preceding papers, it becomes obvious that  all 
values of atomic weights with figures purporting t o  be accurate 
to  1/500,000 are illusory. 
The Additivity of the Values of b and ,/a of the Equation 

of State and tbe Fundamental Values of these Quantities for 
Different Elements in Coanexion with the Periodic Svstem. 
J. J. VAN LAAR (Proc. X .  Aknd. W7~ten.sch. Amsterdam, 1916, 18, 
1220-1235, and ,7. Chirn. phys., 1916, 14, 3-24).-1t. is shown 
that  the values of 7, are additive in character, and that constants 
may be derived f o r  the different elements by means of which it 

J. F. S. 

J. F. S. 
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is possible t o  calculate the value of b for any substance contain- 
ing these elements. 

When the atomic constants for the elements of the carbon, 
nitrogen, oxygen, and fluorine groups of the periodic table are 
compared, it is found that in each group there is a regular increase 
in the value of 71 x 105, which amounts to 55 units for  elach pair 
of adjacent homologues. I n  each horizontal series there is a 
regular decrease in b x l o 5  equal to 15 units for each pair of 
adjacent elements. The atomic constants for hydrogen, carbon, 
nitrogen, and oxygen are apparently not invariable, but depend on 
the nature of the other atoms with which these elements are com- 
bined. The fundamental value for hydrogen is 48.5, but in many 
inorganic compounds it has the value 34=48.5 x 4Zj2, and in 
organic compounds the value 14 =48.5 x (1 - JZ/Z) .  I n  its 
inorganic compounds and in the aliphatic compounds carbon has 
the fundamental value=100, but in the aromatic compounds the 
value for carbon is 75 (approximately equal t o  1OOx 2/2/3) .  The 
fundamental value for nitrogen= 85 is found only in the element ; 
in all its compounds it has the smaller value 69 = 85 x J q.2. The 
value of 70 for oxygen is shown by most oxygen compounds, but a 
smaller value, 50=70 x J Z / Z ,  is obtained for oxygen doubly bound 
t o  carbon. 

Additivity is also shown by the values of JG where a is the 
attraction constant in the van der Waals’s equation. The atomic 
constants obtained for the different elements belonging to the 
groups mentioned above are also found t o  exhibit simple rela- 
tions when considered from the point of view of the periodic table. 
Approximately, the values of J a  x 102 f o r  the elements in the 
first horizontal series are equal to 3. For the second, third, and 
fourth horizontal series the values of ~ T X  102 are approximately 
5, 7, and 9. Hydrogen and neon fall into line as members of 
the first horizontal series, whilst argon, krypton, and xenon fit 
quite satisfactorily into the second, third, and fourth series re- 
spectively. Since the value of d z x  102 for helium is about 1 and 
for  mercury 11, it would seem that d a x 1 0 2  is exactly 2 units 
greater in each successive horizontal series. 

The most important result which follows from the analysis of 
the available data is that  the quadrivalent atoms carbon, 
germanium, and tin, as well as the tervalent atoms nitrogen and 
phosphorus, are of no account so far as the value of Ja is con- 
cerned when these atoms are symmetrically surrounded by other 
atoms o r  groups. This condition is attained when the quadri- 
valent or tervalent atoms are combined respectively with four or 
three univalent atoms or groups. I n  these circumstances, the 
influence of the central atom on the attractive forces between the 
molecules of which they form part is negligibly small. 

H. M. D. 
The Validity of Mathews’s So called Valency Law. J. J. 

VAN LAAR (Proc. I<. Akad. IVeteensch. Amsterdam, 1916, 18, 
1235--1239).-A criticism of the views put forward by Mathews 
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(A., 1913, ii, 494, 674), according to which the attraction coefficient 
a may be expressed by the equation a=C(M x n)g, where Jf is the 
molecular weight of the substance concerned, n the total number 
of effective valencies, and C is a constant. It is shown that such 
a relation does not hold, and that it is quite inconsistent with the 
additivity of the atomic values of Ja-  (see preceding abstract). 

H. M. D. 

Considerations on Von Baever’s Strain Theory. ADOLFO 
M E L ~ N  (Anal. Fis. Quim., 1916, 14, 198--210).-A review of the 
straiii theory from a inathematical point of view. A. J. W. 

A New Form of Distilling Flask, together with a Note on 
Benzyl Benzoate. THE EARL OF BERKELEY (T., 1916, 109, 
520-523).-A vacuum-jacketed distilling flask is described which 
has proved to be useful in facilitating the distillation of substances 
of high boiling point. 

The yield of benzyl benzoate obtained from benzaldehyde and 
benzyl alcohol by Claisen’s method is considerably increased if the 
aldehyde and alcohol are dried and freshly distilled before use. 
Under these conditions the reaction also takes place more quickly. 

SIGMUND F R ~ N K E L  (Biochcm. Zeitsch., 1916, 
74, 165--166).-A condenser of the ordinary Liebig type, but 
containing, instead of one condensing tube, seven narrow ones 
opening into single receptacles a t  each end. The apparatus is 
illustrated. S. B. S. 

A Water-blower and a Laboratory Furnace. A. HUTIN 
(Ann. Chirn. anal., 1916, 21, 94-95).-The mixture of water and 
air discharged from an ordinary water-pump is conducted through 
a tube t o  the bottom of a large glass bottle; the water collecting 
in the bottle is discharged through a second tube, also reaching 
to the bottom of the bottle, whilst the air collecting under pressure 
in the upper part’ of the bottle is led through a third tube to a 
blast burner. The bottle is closed with a rubber stopper, through 
which the tubes pass. The furnace described is constructed of 
hollowed-out fire-bricks arranged so as to form a cylindrical 

A New Safety-valve. M. S. LOSANITCH (Chem. News, 1916, 
113, 218).-A safety-valve for  preventing the back-flow of the 
water from water-pumps consists essentially of a cylindrical vessel 
provided with a nozzle towards the base for connecting t o  the 
pump, and with a vertical, narrow-bore tube internally, which is 
connected, likewise towards the base, with a second tube of some- 
what more than the usual barometric height, fused through the 
walls of the above-mentioned cylinder and in communication at  its 
upper end with the vessel being evacuated and with the mano- 
meter. The cylindrical vessel is filled with mercury to a point 
just below the junction of the internal tube with the long baro- 

H. M. D. 
A New Condenser. 

receptacle f o r  a crucible. w. P. s. 
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meter tube, so that under normal conditions there is a free passage 
bet'ween the pump through the upper end of the internal tube to  
the evacuated vessel. Should water suck back into the cylindrical 
vessel, however, its pressure causes the mercury to rise in the inner 
tube to beyond the junction, thereby cutting off completely the 
evacuated vessel from the cylindrical vessel and the pump. 

G. F. M. 
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